Limited data are available regarding contemporary models of care delivery for patients undergoing congenital heart surgery. The purpose of this survey was to evaluate current US practice patterns in this patient population. Cross-sectional evaluation of US centers caring for patients undergoing congenital heart surgery was performed using an Internet-based survey. Data regarding postoperative care were collected and described overall and were compared in centers with a pediatric intensive care unit (PICU) versus dedicated pediatric cardiac intensive care unit (CICU). A total of 94 (77%) of the estimated 122 US centers performing congenital heart surgery participated in the survey. The majority (79%) of centers were affiliated with a university. Approximately half were located in a free-standing children's hospital and half in a children's hospital in a hospital. Fifty-five percent provided care in a PICU versus a CICU. A combination of cardiologists and/or critical care physicians made up the largest proportion of physicians primarily responsible for postoperative care. Trainee involvement most often included critical care fellows (53%), pediatric residents (53%), and cardiology fellows (47%). Many centers (76%) also used physician extenders. In centers with a CICU, there was greater involvement of cardiologists and physicians with dual training (cardiology and critical care), fellows versus residents, and physician extenders. Results of this survey demonstrate variation in current models of care delivery used in patients undergoing congenital heart surgery in the United States. Further study is necessary to evaluate the implications of this variability on quality of care and patient outcomes.
Outcomes for infants and children undergoing congenital heart surgery have improved dramatically over the past 3 decades due to advances in the fields of pediatric cardiology and cardiac surgery, so that the majority of patients now survive into adulthood. 1 However, evidence to guide optimal care in this patient population is still evolving, and few best practice guidelines exist. Recent studies have suggested significant variation from center to center in care for patients undergoing congenital heart surgery. [2] [3] [4] [5] [6] Wernovsky et al 7 described variation in the management of patients with hypoplastic left heart syndrome undergoing stage 1 palliation, including wide variation between centers in location of care, operative and perfusion techniques, medications used, feeding regimens, and type of intraoperative and postoperative monitoring. This study focused on a single patient population and included international centers as well as US centers performing congenital heart surgery. Data regarding variation in models of care delivery for the overall cohort of patients undergoing congenital heart surgery at the estimated 122 centers in the United States are limited. 8 For example, in recent years there has been a shift toward care of postoperative patients in dedicated pediatric cardiac intensive care units (CICU) versus general pediatric intensive care units (PICU). 9, 10 Abbreviations and Acronyms CHD congenital heart disease CICU cardiac intensive care unit HD heart disease NP nurse practitioner PA physician assistant PICU pediatric intensive care unit However, data concerning the current distribution of postoperative care received in the CICU versus PICU and potential impact of this shift in care delivery on patient outcomes and trainee education are limited. Defining current practice patterns is a necessary first step in evaluating outcomes associated with different models of care delivery and in developing subsequent education and quality improvement initiatives.
The purpose of this survey was to evaluate contemporary models of care delivery used by US centers for patients undergoing congenital heart surgery. We also compared characteristics of centers that provide postoperative care in a CICU versus PICU.
Methods

Study Design
This cross-sectional evaluation used an Internet-based survey constructed with commercially available software (www.surveymonkey.com). The survey was distributed in March 2009 to members of the following groups and listservs: Pediheart (pediheart.org), PICUList (pedsccm.org/ Piculist.php), Pediatric Cardiac Intensive Care Society (pcics.org), and Pediatric Cardiac Intensive Care Unit Practitioners Group on Facebook (www.facebook.com) in an attempt to capture data from all US centers involved in the care of patients undergoing congenital heart surgery.
Data Collection
The distributed survey is displayed in Table 1 .
Analysis
Summary statistics were calculated and presented graphically. In cases where multiple responses from a center were received, there were cases where the answers to survey questions 2 and 3 were variable; therefore, responses were combined for analysis. Responses to survey question 6 also varied from respondents from the same institution regarding ''university hospital vs ''university affiliate.'' Therefore, these 2 categories were combined for analysis. Formal statistical comparisons were not made given the descriptive nature of the study. Results are presented for the overall cohort and in the subgroup of centers with a PICU versus CICU.
Results
Responses were received from 299 practitioners representing 94 US centers caring for patients undergoing congenital heart surgery. Figure 1 shows the geographical distribution of centers providing care to patients undergoing congenital heart surgery in the United States. Fewer centers are located in the Northwest and West in comparison to other regions. Data regarding university affiliation are shown in Figure 2 . The majority of centers identified themselves as a university hospital or university affiliate. 
Center Characteristics
Postoperative Care
The distribution of type of intensive care unit utilized for patients recovering from congenital heart surgery is shown in Figure 4 . The proportion of centers that reported providing postoperative care in a PICU was slightly greater compared with those that use a CICU. Figure 5 displays the distribution of attending physicians primarily responsible for postoperative care. A combination of cardiologists and/or critical care physicians made up the largest proportion of physicians primarily responsible for postoperative care. Approximately one third reported that pediatric cardiothoracic surgeons were primarily responsible for postoperative care, and 15% reported this responsibility belonged to those with dual training in cardiology and critical care. Often, more than 1 group of physicians was identified as being responsible for postoperative care; the most common composition of the team included critical care only (26%), combination of cardiology and critical care (23%), critical care and cardiothoracic surgery (13%), and combination of cardiology, critical care, and cardiothoracic surgery (11%).
In regard to surgeon practice, the majority of centers (72%) reported that their pediatric cardiovascular surgeons also operate on adults with congenital heart disease in addition to children. Thirteen percent reported that their surgeons also operate on adults with acquired heart disease, and the remaining 15% reported that their surgeon operates solely on children with congenital heart disease. Figure 6 shows the trainees and physician extenders involved in postoperative care. A similar proportion of centers reported involvement of critical care fellows, cardiology fellows, and pediatric residents in postoperative care. The majority of centers (76%) use physician extenders (either nurse practitioners or physician assistants). More than 1 group of trainees or physician extenders was involved in the majority of cases; the most common composition of the team included both pediatric residents and nurse practitioners (12%), critical care and cardiology fellows with pediatric residents and nurse practitioners (10%), critical care and cardiology fellows with nurse practitioners (7%), and pediatric residents alone (7%). Of note, although most centers (60%) reported that fellows are involved in postoperative care, 23% of centers use pediatric residents without any fellows. Eleven percent reported only physician extenders provided postoperative care with no involvement of fellows or residents. Table 2 compares center characteristics and postoperative care in centers with a CICU versus PICU. Centers with a CICU were more often affiliated with a university and located in a freestanding children's hospital. There was greater involvement of cardiologists and physicians with dual training in both cardiology and critical care in postoperative care in centers with a CICU. In addition, more care was provided by fellows versus residents, and there was greater involvement of physician extenders in centers with a CICU.
CICU Versus PICU
Discussion
This contemporary evaluation of models of care utilized by US centers for patients undergoing congenital heart surgery demonstrates variation in center characteristics, location, and personnel involved in providing postoperative care to this population. Our survey captured more than three quarters of the 122 US congenital heart surgery programs previously identified by the 2005 Society of Thoracic Surgeons Congenital Heart Surgery Manpower Survey as performing congenital heart surgery in the United States. 8 When comparing the results of this previous survey to the present analysis, we found that the geographical distribution of centers performing congenital heart surgery was similar. Regarding surgeon practice, a similar proportion of congenital heart surgeons in the Manpower Survey reported that they operated on adults with congenital heart disease and adults with acquired heart disease when compared with our survey. This consistency between survey results supports the generalizability of our data to the overall population of programs performing congenital heart surgery.
The variation we identified regarding models of care delivery mirrors variation in other areas in the fields of pediatric cardiology and congenital heart surgery. Wernovsky et al 7 described center variation in the management of patients with hypoplastic left heart syndrome, including virtually all aspects of perioperative care for patients undergoing stage 1 palliation. Variation in the type of medications used in patients undergoing congenital heart surgery has also been reported. Checchia and colleagues 2 surveyed centers regarding use of corticosteroids in patients undergoing congenital heart surgery associated with cardiopulmonary bypass and reported wide variation in corticosteroid type, dose, route, and timing of administration. 2 Variation in surgical management has also been reported, including variation in timing of cavopulmonary anastomosis in patients with single ventricle defects, variation in use of delayed sternal closure in patients with hypoplastic left heart syndrome, and variation in the management of patients with an anomalous aortic origin of a coronary artery. [3] [4] [5] [6] Variability in practice can allow for treatment plans to be individualized to the patient and can foster clinical innovation. However, a recent Institute of Medicine report concluded that variation in care was ''illogical'' and should be avoided. 11 Significant variation in practice may highlight the lack of evidence in many cases to support best practices or the resistance of some centers to change practice despite evidence-based guidelines. In either case, it has been shown that practice variation may account for a significant proportion of health care expenditures, which is of particular importance in this era of rising health care costs. 12 Few studies have evaluated the impact of variation in models of care delivery in this population on patient outcomes such as morbidity, mortality, and cost. In their study describing variation in use of delayed sternal closure, Johnson et al 3 reported that more frequent use was associated with prolonged length of stay and higher postoperative infection rates in patients with hypoplastic left heart syndrome undergoing stage 1 palliation, after adjustment for several other patient and center factors. Several studies have evaluated variation in center factors such as surgical volume and hospital teaching status and impact on outcome. [13] [14] [15] [16] [17] [18] [19] [20] Particularly for children undergoing high-risk procedures, lower surgical case volume has been associated with increased mortality. [13] [14] [15] [16] Undergoing surgery at a nonteaching hospital has been associated with higher mortality for patients with hypoplastic left heart syndrome undergoing stage 1 palliation. 19 It is unclear whether these factors are surrogate markers for other structural or process measures more directly affecting patient outcomes. In our analysis, we found significant variation among centers in many of these measures, including the setting and location of postoperative care and personnel involved. Further study is needed to evaluate whether this variation is associated with any difference in quality of care or patient outcome.
Regarding the recent trend toward delivery of postoperative care in a dedicated CICU, we found that 45% of centers currently provide postoperative care in a CICU versus general PICU. Interestingly, we found greater involvement of cardiologists and physicians trained in both cardiology and critical care in postoperative care in centers with a CICU. In addition, more care was provided by fellows versus residents, and there was greater involvement of physician extenders in centers with a CICU. The impact of these trends on patient outcomes, and on graduate medical education, has not been evaluated to date. Studies in other fields have suggested that increased involvement of physician extenders in patient care is associated with improved outcomes. For example, patients with minor injuries seen by nurse practitioners versus pediatric residents in the emergency room had similar clinical outcomes, fewer unplanned follow-up visits, and greater patient satisfaction. 21, 22 Christmas and colleagues 23 showed that incorporation of nurse practitioners into the surgical trauma service at a teaching hospital was associated with significant reductions in intensive care unit and total hospital length of stay. It has also been suggested that the involvement of fellows in patient care is associated with improved outcomes. Arbabi et al 24 showed that centers with a critical care or trauma fellowship program had significantly decreased length of stay and mortality for trauma 
Limitations
The limitations of this study are related to the voluntary nature of the survey and data validation. Although the survey successfully obtained responses from more than three quarters of centers caring for patients undergoing congenital heart surgery in the United States, it is possible that selection bias may exist. However, given that the geographic distribution of centers and data on surgeon practice were similar between our study and a previous survey of the overall cohort of centers performing congenital heart surgery, significant selection bias is less likely. In addition, data in this study represent the perception of survey respondents from each institution. Responses were not independently validated. This may affect data concerning personnel involved in postoperative care where a team approach is most often used, and responses were not always concordant between multiple respondents from the same institution. For this reason, we combined responses to this question in order to describe all personnel thought to play a role. Finally, there is likely variation in many other aspects of postoperative care not assessed by this survey. Although our goal with this initial survey was to describe general institutional practices regarding the care of patients undergoing congenital heart surgery, there are likely several other important factors involved, and further evaluation focused in greater detail on the makeup of the care team, location of care, and processes involved is necessary.
Conclusions
This study describes significant variation in current models of care delivery for patients undergoing congenital heart surgery in the United States, in regard to both center characteristics and the setting and personnel involved in postoperative care. Although characterization of current practice patterns is an important first step, further, more detailed evaluation of variation in structural and process measures used by different centers and evaluation of quality of care and outcomes associated with this variation is necessary to define best practices and improve quality of care in this population.
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